It has been assumed that estrogens act indirectly on the mammary glands because these hormones induce little or no growth of the breast tissues in hypophysectomized animals of most species.5s18 The results, however, have not been entirely uniform.2 Most investigators have noted an absence of mammary growth in those experiments in which hypophysectomized rats and mice have been given estrogens.' 14.1
It has been assumed that estrogens act indirectly on the mammary glands because these hormones induce little or no growth of the breast tissues in hypophysectomized animals of most species.5s18 The results, however, have not been entirely uniform.2 Most investigators have noted an absence of mammary growth in those experiments in which hypophysectomized rats and mice have been given estrogens.' 14.1 The simultaneous administration of extract of the hypophysis containing growth-stimulating activity and of estrogen or certain lipoidal fractions of the anterior pituitary gland has resulted in mammary growth in hypophysectomized rats and mice.6'18 These "mammogenic" extracts of the pituitary gland have been assayed by determinations of the mammary development they induce in young male mice. 8 The above observations indicate that estrogens act indirectly upon the mammary glands by inducing the pituitary gland to produce a "mammogenic" substance or hormone. The absence of mammary growth in the hypophysectomized animals receiving estrogens is not adequate proof of a direct action of the pituitary gland on the breast tissues. Hypophysectomy results in many other changes in the animal, some of which may affect mammary proliferation.
Estrogens are effective in extremely small amounts when applied locally to the vagina.9' 0 Systemic and local reactions occurred when estrogens were applied cutaneously in various solvents or carriers.' 20 Twenty-one hybrid male mice from 40 to 70 days old were used in the present experiments. Estrone* dissolved in sesame oil (1 mg. per cc.) was dissolved in absolute alcohol to contain 2 micrograms of the hormone per cubic centimeter. Drops of this solution delivered from a 22-gauge needle measured very nearly 0.01 cc. One or more drops (0.02 microgram or more) of the alcoholic solution of estrone were dropped on the non-epilated skin of the right abdominal or thoracic wall over one or more of the mammary areas. The left abdominal wall was untreated. Further details of treatment are recorded in Table 1 . skin, stained, and dissected. Such preparations can be readily studied by observation with a binocular dissecting microscope and also at higher magnifications. The relative responses of the glands were determined by measuring the diameter of the glands.
Observations
One or more of the rudimentary mammary glands of 20 of the 21 treated mice underwent a definite to a marked proliferation during the period of treatment (Table 1 ). The animal failing to show a mammary response was one of nine which received the smallest dose (0.02 microgram daily for 15 days or a total of 0.3 microgram). This total dose equaled approximately 3 mouse units.
The response of the mammary glands was limited to the area immediately subjacent to the sites to which the estrogen was applied in 4 mice (Fig. 1) . All of these mice received applications of 0.02 to 0.04 microgram of estrone daily on the right inguinal region. The right inguinal glands of the above animals were enlarged to variable extents, the ducts stained heavily and terminated in growing end buds. Mitotic figures were numerous, particularly in these buds (Figs. 4 and 5) . The other mammary rudiments consisted of small ducts showing no evidence of cellular hyperplasia and were comparable to the glands of untreated mice (Fig. 3) .
The mammary rudiments of seven mice showed a partial localization of the response to the glands of the treated areas. Some of these mice showed a growth of the glands underlying the site of application of the estrone and a very slight growth of one or more glands, usually of those near the treated area (Fig. 2) . In other mice the glands of the treated area or areas showed marked growth while other glands showed relatively less although moderately extensive proliferation.
A uniform response of all of the mammary rudiments or of the several rudiments at different regions was observed in 9 of the mice. Most of these mice had received the higher doses. The size attained by the glands of these mice usually, but not always, was greater than that of the animals showing the localized response.
Discussion
The male mice observed in our laboratory have had no nipples. The rudimentary glands are located in the subcutaneous connective tissue and lack attachment to the skin. Because of this relatively remote situation of the glands to the skin surface it was thought that local responses might not be readily attained by cutaneous application of estrogens to this species. The above observations demonstrate that the glands respond to very small amounts of cutaneously administered estrogens and indicate that this response can be restricted to the glands nearest the site of application if small amounts of the hormone are applied. Such experiments indicate that the response of the mammary tissue in vivo is directly stimulated through the action of estrogen. If the response of the glands to estrogen were mediated through the pituitary or other endocrine glands, all of the glands should have responded as well as did those to which the hormone was applied.
The The underlying gland shows slight but definite growth while the other rudiments were affected very slightly. FIGS. 3, 4, and 5. Glands from a mouse given 0.02 ,vg. estrone daily for 15 days in the right axilla. 3. A small rudiment remote from the site of application.
